This study examines the relationship between inflation and inflation uncertainty for both developed and emerging countries using the asymmetric power GARCH model. We find new evidence that suggests that positive inflationary shocks have stronger impacts on inflation uncertainty for mainly Latin American countries. We also find that inflation causes inflation uncertainty for most countries but the evidence for causality of the opposite direction is mixed.
Introduction
Economists have long studied the relationship between inflation and inflation uncertainty because of its central importance on policy analysis. Cukierman and Meltzer (1986) hypothesize that inflation uncertainty leads to higher average inflation rates due to opportunistic behavior of central banks that are motivated by expansionary policies. In contrast, Ball (1992) argues that higher inflation rates create higher inflation uncertainty.
According to Friedman (1977) , high inflation will create political pressure to reduce it, but policy makers may fear recessionary effects and therefore be reluctant to lower inflation, resulting in future inflation uncertainty.
There are extensive empirical studies that examine the relationship between inflation and inflation uncertainty, of which the majority rely on time-series analyses. Recent studies that use a generalized autoregressive conditional heteroskedastic (GARCH) type of model include Grier and Perry (1998) , Nas and Perry (2000) , Davis and Cango (2001), Fountas (2001) , Hwang (2001) , Apergis (2004) , and Kontonicas (2004) , among others. Most studies however examine a selective group of countries. 1 A GARCH model will estimate timevarying residual variances as proxy for unexpected inflation volatility. As Grier and Perry (1998) point out, a GARCH method provides parametric tests of uncertainty and allows us to test for causality relationship between inflation and inflation uncertainty.
The current paper offers a comprehensive examination of the relationship between inflation and its uncertainty. We re-examine this relationship for both developed and emerging countries and allows for asymmetric inflation uncertainty by using the asymmetric 1 Davis and Kango (2001) provide an extensive review of studies dealing with issues of inflation and inflation uncertainty, and examine inflation uncertainty for the OECD countries. power GARCH (PGARCH) specification. The PGARCH provides a relatively parsimonious specification to capture time-varying inflation uncertainty, asymmetric effects, and clustering in the conditional variances of the inflation rates. Existing literature has not yet addressed broad geographical categories of countries that include both developed and emerging markets. We include in this study G7 countries and emerging markets from Asian, Latin American, and Middle Eastern countries. We use updated long-term time series data that cover monthly inflation rates from January 1957 to May 2005.
This study provides new evidence that suggests that positive inflationary shocks have stronger impacts on inflation uncertainty for mainly Latin American countries. We also document that inflation Granger causes inflation uncertainty for most of the countries examined for different time periods with different lag structures, but the evidence for causality of the opposite direction is mixed. The Friedman-Ball hypothesis is strongly supported, while the evidence for the Cukierman and Meltzer hypothesis (1986) depends on the country examined, and the time periods and lag structures.
Methodology and Data:

Estimating Inflation Uncertainty and Testing the Causality:
The PGARCH is used to obtain time-varying residual variances as a proxy for inflation uncertainty. Ding, Granger and Engle (1993) originally proposed the model and examined the volatility of S&P500 index returns. Heston and Nandi (2000) used PGARCH to investigate S&P500 index options. The following ARMA(p, (1,12))-PGARCH(1,1) model is estimated for each country:
(1)
where π denotes inflation rate, D is a dummy variable with one for the extremely high inflation rates (one percent of the highest observations) and zero for otherwise, ε is an error term. 2 Fountas (2001) uses dummy variables to capture structural breaks during the high inflation periods using annual data for the U.K. and Hwang (2001) incorporates dummy variables for the U.S.
The MA(1, 12) specification gives us parsimonious estimation by reducing the order of the AR processes and capturing potential seasonality in data. For example, Grier and Perry (1998) do not add MA processes, but instead use AR(12) processes with eleven dummies to capture seasonality. 3 The parameter ψ captures the asymmetric effect of inflation uncertainty and δ is a Box-Cox power transformation parameter. As illustrated by Ding, Engle and Granger (1993) , if ψ is negative, then positive shocks increase the volatility more than negative shocks do. In this paper, we set δ = 2 to reduce the number of parameters that has to be estimated. 4 We use Akaike Information Criterion (AIC) and
Schwartz Bayesian Criterion (SBC) to determine the length of the AR process and Lagrange Multiplier (LM) to test for the presence of an ARCH process.
A vector autoregression model (VAR) is used to test whether inflation (π t ) Granger causes inflation uncertainty ( t h ) or vise versa. The following bivariate VAR is estimated:
We test the statistical significance of overall (positive or negative) effects of the causality between π t and t h by using F-tests. For robustness, we examine the causality relationships for 4, 8 and 12 lags.
Data Description:
Monthly inflation rates are based on the log differences from consumer price index (CPI) data obtained from the International Financial Statistics (IFS) CD-ROM. We study twenty-three countries over varying time periods, the majority of which span from February 1957 to May 2004 for a maximum of 568 monthly observations. Bahrain, which is the smallest of our sample countries, has the shortest time period, beginning in August 1975 with 314 observations. 5 [Insert Table 1 here] Table 1 presents the summary statistics. Argentina has the highest average monthly inflation rate of 5.25% (or 63% annual rate), followed by Peru with a 3.83% inflation rate.
Notice that Peru experienced the highest inflation rate of over 160% a month! Germany indicates the lowest average inflation with a monthly rate of 0.24% (less than a 3% annual rate). Overall, Latin American countries exhibit the highest inflation rates with the largest standard deviations and, as expected, the G7 countries display both the lowest inflation rates and standard deviations.
Empirical Results
Estimates of Inflation Uncertainty:
Inflation rates are stationary at a one percent significance level for fourteen countries, at a five percent for six countries and at a ten percent for two countries. The LM tests indicate the presence of ARCH effects for all countries (not reported) 6 . Panels A and B
in Table 2 present the estimation results of the mean equations (ARMA) and inflation uncertainty (PGARCH). Adding MA(1, 12) substantially reduces the order of the AR component. For all countries, based on the SBC, the order of the AR process of the mean equations does not exceed seven. 7 All coefficients of the 12 th lag of the MA process are significant at a one percent level, suggesting the presence of seasonality in the data. Also, the dummy variables are significant at a one percent level for all countries. Consistent with Nas and Perry (2000) , we find that coefficients of AR(1) and MA(12) are significant for Turkey.
[ Table 2 here] Panel B in Table 2 shows the PGARCH estimation results. The parameter α 1 is significant at a 10 percent or higher level (except Japan) and β 1 is significant for all countries at a level of at least one percent (five percent for Germany). However, the asymmetric effects of the time-varying conditional heteroskedasticity differ across regions.
For all of the Latin American countries, which have the highest inflation rates and standard 6 We use Akaike Information Criterion 2 (AIC2) to decide the optimal lags for the ADF tests. Following Pantula et al. (1994) , the optimal lag is selected such that: LAG = MIN (j+2, MAXLAG), where j is the number of lags that minimizes AIC. 7 The orders of the AR process are much longer and some exceed 12 when we exclude the MA process in the equation (1). deviations, and four other countries India, the U.K., Egypt, and Morocco, the parameters of ψ are statistically significant at five percent or higher with a negative sign. Statistically significant negative coefficients of ψ suggest that positive inflationary shocks result in stronger effects on inflation uncertainty for these countries. 8
Causality Relationships between Inflation and Inflation Uncertainty:
In Table 3 , we find that inflation Granger causes inflation uncertainty for almost all of the countries and the results are robust for different lags and sub-periods (most notable exception is Germany). The aggregated effects are positive and statistically significant at a one percent level for all Asian countries, five G7 countries, the Latin American countries (except for Peru), and all Middle Eastern countries. We also test for the first sub-period, 1957-1980 and the second sub-period, 1981-2004 . Although the results differ for some of countries, overall our findings are consistent across the sub-periods (not reported). We note that the total effect of Germany is an anomaly. It is positive and statistically significant during the first sub-period, but negative during the second sub-period. The results may be attributed to traditionally strong anti-inflationary policy imposed by the German Central bank.
[ Table 3 here]
The results of causality from inflation uncertainty to inflation are mixed. The hypothesis by Cukierman and Meltzer (1992) can be partially supported. Signs depend on countries examined and roughly one half of them are significant. Among the G7 countries, significant positive effects are found for Germany, Italy and Japan but negative effects (not 8 According to Ding, Granger, and Engle (1993) , the stability of PGARCH is obtained when α 1 (1+ψ 2 )+β<1.
The estimated PGARCH processes are stationary for all countries (although some are close to one). significant) exist for Canada and France, and there are mixed signs for the U.K. and U.S. Grier and Perry (1998) report positive effects for France and Japan, negative for Germany and the U.S., and mixed results for Italy. We interpret the negative sign as evidence of stabilization behavior in these countries because increased inflation uncertainty lowers average inflation as argued by Holland (1995) in the U.S. Our findings basically agree with the recent study by Apergis (2004) , who finds support of Friedman-Ball hypothesis but mixed results for the other direction for G7 countries. Hwang (2001) finds that a higher inflation rate reduces its conditional variance in the U.S.; however, the results are rather weak and depend on the model specifications. Kontonicas (2004) finds a positive relationship between inflation and inflation uncertainty based on various GARCH specifications for the U.K.
Concluding Remarks
In this study, we have re-examined the relation between inflation and inflation uncertainty for both developed and emerging countries using the asymmetric power GARCH model. We find evidence that positive inflationary shocks have stronger impacts on inflation uncertainty for mainly Latin American countries. We also find that inflation Granger causes inflation uncertainty for most countries for different time periods with different lag structures, but the evidence for causality of the opposite direction is mixed. Our findings strongly support the Friedman-Ball hypothesis for both developed and emerging countries, and they are consistent with existing research. Monthly inflation rates are based on the log differences of consumer price index (CPI) where the data is obtained from International Financial Statistics (IFS) CD-ROM. The specification of the mean equation in Panel A is given by equation (1) and the PGARCH is described in equation (2). The asterisks ***, **, *, indicate 1%, 5%, and 10% significance levels, respectively. The results are based on the bivariate VAR specifications in equations (3) and (4). The asterisks ***, **, *, indicate 1%, 5%, and 10% significance levels, respectively. The signs (+) and (-) are based on the sum of the coefficients estimated and correspond with each hypothesis. For example, the value of 26.23 for the U.S. is the value of statistic that tests whether c1, c2, c2 and c4 are jointly significant. The positive sign (+) indicates that the sum of the estimated coefficients, c 1 + c 2 + c 3 + c 4 , in equation (3) is positive.
